I. INTRODUCTION
The behaviour of polarized beams was studied both in electron-positron storage rings [3, 4] and proton storage rings [5] .
The theoretical description of the polarization in these storage rings is mainIy based on a. formalism introduced by Derbenev and Kondratenko [6] and later by Chao [7] .
The basic concept is the following: all the trajectories in a storage ring can be calculated relative to the closed orbit, a (fictive) trajectory, which repeats itself from one revolution to another. The behaviour of the polarization can be calculated in a similar way. A polarization vector is found along this closed orbit which also repeats itself from one revolution to another. This vector is called n-axk.
The thinking in terms of an ever-recurring polarization direction is highly supported bsy the polarimetry used in storage rings. In order to measure polarization with sufficient accuracy, the measurements have to be performed over several seconds or minutes [8] . ' In this paper the first measurements on the stability of time-varying spin components are reported. The practical importance of an oscillating polarization is described somewhere else [2,9]. The measurements were performed at the Cooler Ring of the Indiana University Cyclotron Facility (IUCF) in Bloomington, Indiana. Recently a Siberian Snake was installed in this ring for demonstration purposes [5] . The snake consists of a solenoid which rotates the POlarization by 180 degrees around the momentum axis and skew quadrupoles. The skew quadrupoles are located on each side of the solenoid. The authors of this paper used this Snake, the existing polarized source and the existing polarimeter [IO] to measure time-dependent spin motions.
THE STABLE SPIN DIRECTION
Particle and spin motion are related to each other. When the particle is deflected by an angle a around a certain axis its spin is rotated around this axis by an angle
4:
(1)
where g is the proton g factor and 7 the Lorentr factor. The numerical value of G is 1.7928. Equation (1) is a direct consequence of the _well known BMT-equation on the behaviour of the spin S in a magnetic field [ll]:
For the experiment an energy was chosen in which the spin performs two revolutions during one revolution of the beam: G7 = 2. For a machine consisting only of bending magnets the energy corresponding to G7 = 2 is 108.4 MeV.
A more careful analysis (5,121 showed that the solenoid of the cooler also contributes to the spin tune and the correct energy for G7 = 2 is 106.2 MeV. The solenoid of the Siberian Snake rotates the spin around the momentum axis by an angle of 180 degrees. The required field strength for a 180 degree rotation can be derived from equation (2) .
The n -d of a machine with a Siberian Snake can be derived from fig. 1 . (fig. 2) . The gate is opened every second revolution for half a revolution. If there is no depolarization, the polarimeter should measure a vertical polarization.
U Siberian Snake Fig. 1 The coordinate system. A spin manipulation system in the injector channel allows the iqjection of the beam in any polarization direction. For the experiment a polarization vector parallel to the vertical direction was chosen.
Using the coordinate system [x,s,r] defined in this figure and choosing +(s)=O at the snake, the n-axis is Fig. 2 The polarimeter and the gating system. The beam is directed to a carbon target and the asymmetry in the distribution of the scattered particles is measured [lo] . Both the horizontal and the vertical polarization are measured at the same time. The polarimeter is gated in such a way that data are taken every second revolution.
s is the path length of the trajectory and $ ( U ) is the spin precession angle. The spin rotation only takes place in the bending magnets. The expression $ ( U ) describes the non-uniform spin advance in the machine. where m is the number of revolutions. For a moment energy oscillations are neglected. A standard polarimeter integrating over many revolutions would find that the beam is unpolarized: in the time average the vertical spin direction cancels. In order to measure this time varying polarization the polarimeter has to be gated in such a way that data are taken only where U, is the synchrotron frequency. Although the energy deviations are small these oscillations change the measurement in the following way:
The spin rotation in the solenoid for particles with energy deviation is no longer 180 degrees. Particles with higher (lower) energies then the nominal energy are rotated less (more) than 180 degrees according to equation (2) .
This effect changes the results of the measurements significantly. Due to the energy oscillations the spin deviates from the vertical axis by 1 U = -~sin(27rn+Asin(2nw,to+ii)) (6) n n when the polarimeter only takes data every second revolution. to is the revolution time and A is a measure for the magnitude of the energy deviations. As a result the energy oscillations reduce the degree of the measurable polarkation. The degree of reduction depends on the magnitudes of A and w,. The degree of the measurable polarization increases with w,.
In the following the rotation angle of the solenoid is changed from 180 degrees to 180 + p/2 degrees. For the same measurement as before, equation (6) has to be rewritten in the following way , L 3 is changed by changing the current through the solenoid. In fig. 3 the polarization u ( p ) is plotted as a function of p (=solenoid current). A current of 145.5 A corresponds to a spin rotation of 180 degrees. A lower current means less than 180 degrees rotation and a higher current more than 180 degrees rotation. It was assumed that the original polarization of the injected beam was 80% parallel to the vertical direction (as in the experiment). The distance between the center frequency and the two sidebands corresponds to a synchrotron tune of Q,=0.004 (at which the machine operates). are separated by the amount predicted in fig. 3 . The absolute height is smaller by a factor of 2 compared with the calculations. This deviation has to be investigated in more detail in the future.
In summary, it was demonstrated for the first time that oscillations of the polarbation around the stable direction &t and can be measured.
